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SUPPLYING POWER TO A PLURALITY OF LOADS, EACH LOAD
OF THE PLURALITY OF LOADS PRODUCING AN ERROR SIGNAL
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SELECTING ONE LOAD OF THE PLURALITY OF LOADS TO
SUPPLY POWER TO DURING A SINGLE CYCLE OF THE
PULSE WIDTH MODULATION OUTPUT, THE SELECTED LOAD
PRODUCING A LARGEST ERROR SIGNAL OF THE PLURALITY
OF ERROR SIGNALS OF THE PLURALITY OF LOADS
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1
SYSTEMS AND METHODS OF DRIVING
MULTIPLE OUTPUTS

TECHNICAL FIELD

The present disclosure is generally related to electronics
and, more particularly, is related to driving multiple outputs.

BACKGROUND

Switching power supplies are used to drive many types of
loads. At times, it is desired to drive multiple loads using a
single switching power supply requiring only a single induc-
tor. This is particularly desired when driving multiple light
emitting diode (LED) loads as it saves board space and
money. Instead of using a power supply module to drive each
string of LEDs, a single power supply module may be used to
drive multiple LED strings. But as with many load types, it
may be important to properly regulate the power delivered to
the load.

A commonly used switching power supply topology uses
current mode control. Current mode control, as usually
implemented in switching power supplies, actually senses
and controls peak inductor current. This may give rise to
many serious problems, including poor noise immunity, a
need for slope compensation, and peak-to-average current
errors which an inherently low current loop gain cannot cor-
rect. Average current mode control eliminates these problems
and may be used effectively to control currents other than
inductor current, allowing a much broader range of topologi-
cal application.

Current mode control is a two-loop system in which the
switching power supply inductor is located within the inner
current control loop. This simplifies the design of the outer
voltage control loop and improves power supply performance
in many ways, including better dynamics. The objective of
this inner loop is to control the state-space averaged inductor
current, but in practice the instantaneous peak inductor cur-
rent is the basis for control. In many designs, switch current,
which is equal to inductor current during the “on” time of the
switch, is often sensed.

In a conventional switching power supply employing a
buck derived topology, the inductor is located in the output.
Current mode control then is actually controlling the output
current, resulting in many performance advantages. On the
other hand, in a boost topology, the inductor is located at the
input. Current mode control then controls input current. The
technique of average current mode control introduces a high
gain integrating current error amplifier (CA) into the current
loop. A voltage across a sense resistor represents the desired
current program level. The voltage across the current sense
resistor represents actual inductor current. The difference, or
current error, is amplified and compared to a large amplitude
sawtooth (oscillator ramp) at the PWM comparator inputs.
The gain-bandwidth characteristic of the current loop can be
tailored for optimum performance by the compensation net-
work around the CA. The average current mode method can
be used to sense and control the current in any circuit branch.
Thus it can control output current with boost topologies, for
example.

LEDs are semiconductors with light-emitting junctions
designed to use low-voltage, constant current DC power to
produce light. LEDs may use an average current, boost mode
switching power supply. LEDs have polarity and, therefore,
current only flows in one direction. Driving LEDs is relatively
simple and, unlike fluorescent or discharge lamps, they do not
require an ignition voltage to start. However, too little current
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and voltage will result in little or no light, and too much
current and voltage can damage the light-emitting junction of
the LED diode.

When lighting designers arrange a series of LED strings in
applications such as street lights or industrial lights, each
string have been driven at a consistent current by an indi-
vidual LED driver. However, the output voltage often varies
due to differences in the manufacturing of the LEDs. To
compensate, LED drivers may be configured to provide
higher-than-needed voltage to ensure proper operation of
each LED string. Too much voltage, though, can waste power.

With a typical LED forward voltage vs. forward current
profile, for a given temperature, a small change in forward
voltage produces a disproportionately large change in for-
ward current. In addition, the forward voltage required to
achieve a desired light output can vary with LED die size,
LED die material, LED die lot variations, and temperature.

As LEDs heat up, the forward voltage drops and the current
passing through the LED increases. The increased current
generates additional heating of the junction. If nothing limits
the current, the junction may fail due to the heat. This phe-
nomenon is referred to as thermal runaway.

Light output of LED light sources increases with increas-
ing drive current. However the efficiency, expressed in
lumens per watt, is adversely affected. Drive currents may be
chosen at any current up to the maximum recommended
current for the specific LED light source used. Driving LED
light sources above the maximum recommended currents
may result in lower lumen maintenance or, with excessive
currents, catastrophic failure.

In non-dimming applications, a constant-current driver is
chosen to deliver the desired current, with enough forward
voltage output to accommodate the maximum input voltage
of'the LED source. LED light sources are not designed to be
driven with a reverse voltage.

By driving LED light sources with a regulated constant-
current power supply the light output variation and lifetime
issues resulting from voltage variation and voltage changes
can be significantly reduced. Therefore, constant current driv-
ers are generally recommended for powering LED light
sources.

Conventional AC-DC power supplies and DC-DC convert-
ers provide an output that is regulated to provide a “constant-
voltage.” However, LEDs work most efficiently and safest
with a “constant-current” drive. LED power sources that pro-
vide a “constant-current” output have typically been referred
to as LED drivers. However, there are heretofore unaddressed
needs with previous solutions for driving multiple LED out-
puts with a single inductor in the switching power supply
power train, which include crosstalk and inefficiency.

SUMMARY

Example embodiments of the present disclosure provide
systems of driving multiple outputs. Briefly described, in
architecture, one example embodiment of the system, among
others, can be implemented as follows: a control module
configured to supply current from a pulse width modulation
output configured to drive a plurality of loads to at most one
load of the plurality of loads at one time, the one load selected
based on its error voltage being the largest of the error volt-
ages of each of the plurality of loads.

Embodiments of the present disclosure can also be viewed
as providing methods for driving multiple outputs. In this
regard, one embodiment of such a method, among others, can
be broadly summarized by the following steps: supplying
power to a plurality of loads, each load of the plurality of
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loads producing an error signal; and selecting one load of the
plurality of loads to supply power to during a single cycle of
the pulse width modulation output, the selected load produc-
ing a largest error signal of the plurality of error signals of the
plurality of loads.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a circuit diagram of an example embodiment of a
switching converter to be used with the disclosed systems and
methods of driving multiple outputs.

FIG. 2 is a circuit diagram of an example embodiment of a
system of driving multiple outputs.

FIG. 3 is a circuit diagram of an example embodiment of
the switching FETs of FIG. 2.

FIG. 4 is a flow diagram of an example embodiment of a
method of driving multiple outputs.

DETAILED DESCRIPTION

Embodiments of the present disclosure will be described
more fully hereinafter with reference to the accompanying
drawings in which like numerals represent like elements
throughout the several figures, and in which example embodi-
ments are shown. Embodiments of the claims may, however,
be embodied in many different forms and should not be
construed as limited to the embodiments set forth herein. The
examples set forth herein are non-limiting examples and are
merely examples among other possible examples.

Most commercially available LED “light modules™ are
constructed by connecting a number of LEDs in series or
parallel to form cluster or string configurations. In cases
where these light modules include a “constant-current™ driver
as part of the assembly, an external “constant-voltage” driver
or power supply is used. Some LED circuits control the cur-
rent flowing through the LED with a simple resistor. This is
another case where a constant-voltage power source is used.
Other examples where external “constant-voltage” supplies
have been employed include backlit ad signs, traffic informa-
tion signs and large screen high definition LED displays.

In cases where a manufactured cluster or string of LEDs
does not include an internal “constant-current” driver, an
external LED driver or power supply that provides a “con-
stant-current” is used. Constant current LED drivers are avail-
able in many different package configurations, ranging from
integrated circuits to enclosed moisture-proof packages,
depending on the application and the required output power.

Depending on the application, LEDs may be connected in
series and/or parallel configurations. When LEDs are con-
nected in series, the forward voltage drop of each LED in the
string are additive. For example, if 15 LEDs are configured in
series and each one has a voltage drop of 3V (at its nominal
current), a voltage source of 45V (15x3V=45V) will drive the
required current (there is also a small additional voltage drop
across the sense element). Accordingly, “constant-current”
driver specifications include the output voltage range that it is
capable of providing to overcome the LED voltage drops. To
limit the drive voltage to reasonable levels, multiple strings of
series-connected LEDs may be placed in parallel and driven
by multi-output constant-current drivers.

The light output of LEDs may be controlled by varying the
amount of current flowing through the LED (within defined
limits) or by turning the LED on and off via pulse width
modulation (PWM). A variable resistor may be used to
achieve analog dimming control. In this case, the maximum
LED brightness occurs when the resistance is set to its mini-
mum value. A pulse width modulation input may be used to

15

20

30

40

45

60

4

control LED brightness by varying the duty-cycle of the input
signal from 1% to 100%. Typical PWM frequencies range
from 180 to 270 Hz.

LEDs have a relatively quick response time (~20 nanosec-
onds), and instantaneously reach full light output. Therefore,
many of the undesirable effects resulting from varying cur-
rent levels, such as wavelength shift or forward voltage
changes, can be minimized by driving the light engine at its
rated current and rapidly switching that current on and off.
PWM is the best way to achieve stable results for applications
that require dimming to less than 40% of rated current. By
keeping the current at the rated level and varying the ratio of
the pulse “on” time versus the time from pulse to pulse (com-
monly referred to as the duty cycle), the brightness can be
lowered. The human eye can not detect individual light pulses
at a rate greater than 200 cycles per second and averages the
light intensity thereby perceiving a lower level of light.

In an example implementation of the disclosed systems
and methods of driving multiple outputs, a single inductor
may be used to drive multiple independent strings of LEDs or
white LEDs (WLEDs) such as a backlight driver or a display
driver for a mobile device. In an example embodiment, a
boost DC to DC converter may be used with a single inductor
to drive multiple outputs. The inductor may be larger than the
power control integrated circuit chip, so the fewer the induc-
tors, the better. The multiple outputs could be used to drive,
for example, a keyboard driver, a camera flash, and a display
backlight and driver, and only one inductor is used. The
systems and methods of driving multiple outputs disclosed
herein may be used, as a non-limiting example, to drive a
WLED load with advantages of high efficiency and lack of
cross-talk. In an example embodiment, the error voltages of
each of the multiple outputs is sampled during each cycle of
the DC to DC converter and the largest error voltage is deter-
mined for that cycle. Power from the DC to DC converter is
then supplied to that output during that cycle.

With cross-talk, noise from one output is reflected on one
of the other outputs. In multiple output applications, effi-
ciency may be lost because the outputs may need different
output voltage levels (for example driving botha 6 LED string
and a 9 LED string). The output voltage of the power supply
module is set at the highest voltage and the others are driven
through a resistor divider or some other mechanism to lower
the output voltage, causing a drop in efficiency.

FIG. 1 provides switching converter 100 as an example
switching converter to be used in the disclosed systems and
methods of driving multiple outputs. Switching converter 100
is a boost converter configured for peak current mode control
with synchronous power FETs. In an example embodiment,
low side power FET 150 may be singular, and may be shared
between the multiple output loops. Low side FET sense
device 155 in combination with an accurate internal sense
resistor may be used to convert the current through inductor
105 during the on-state of low side FET 150 to a voltage
waveform. In an example embodiment, the waveform is com-
pared to the slop-compensated (in slope compensation ampli-
fier 110) error signal to generate the PWM control signal of
the low side FET. The frequency of operation of the converter
may be set via the PULSEGEN signal into SR latch 130.

The current in inductor 105, sampled through low side FET
155, is used to charge or discharge into the load by grounding
low side FET 150 (low side FET 150 and sense FET 155 are
turned on substantially simultaneously). Sense FET 155
feeds current sense amplifier 160, amplifying the voltage
across the sense resistor, which provides information about
the current through the inductor. The amplified current sense
signal is then fed into PWM comparator 120. Slope compen-
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sation comparator 110 takes the error signal from the output
of'the power module and uses slope compensation to provide
stability. The slope compensated error signal and the current
sense signal are used to generate the PWM signal through SR
flip flop 130 and low side driver 140 to turn the gate of low
side FET 150 on and off.

FIG. 2 provides an example embodiment of the disclosed
system and methods of driving multiple outputs with high
side FETs 230, 235, and 240. FIG. 2 provides for 3 high side
FETS, but any number of high side FETs could conceivably
be used, depending on how many outputs are desired. [.X is
the switch node which is connected to the bottom of the
inductor at the output of switching converter 100 of FIG. 1. If
low side FET 150 is turned on, one side of inductor 205 is
grounded and it is charged with Vbat in the example circuit of
FIG. 2 When low side FET 150 is turned off, one of high side
FETS 230, 235, and 240 are turned on and the charge stored
in inductor 205 delivers the power to the load. The feedback
loop works to maintain voltage regulation on the SINKx input
pins at the bottom of LED strings 215, 220, and 225. The
SINKx paths can be independently enabled or disabled, not
affecting the operation of any other SINKx. In an example
embodiment, each SINKx input features a regulated current
sink and may have independent brightness and dimming (ana-
log and digital) control. These may be accessed via an analog
PWM input, or via a digital register or state machine control.
In an example emboidiment, the SINKx feedback voltages
are fed to summing error amplifier 265 which generates an
error signal proportional to the total error of the LED strings.

The back to back nature of the FETS in high side FET's 230,
235, and 240 work to prevent leakage from the FET body
diodes going back into the LX node from VOUTx. The charge
from inductor 205 is applied to the output that has the largest
error signal per cycle. In an alternative embodiment, the
charge from inductor 205 is applied to the output that has the
largest percentage error signal per cycle (Verr/VOUTX). In
the example implementation of FIG. 2, there are three D flip
flops in flip flop block 250 that are clocked with the PWM
signal that is used to drive low side FET 150 of FIG. 1.
Although three flip flops are used in flip flop block 250 of F1G.
2, any number of flip flops may be used depending on the
number of outputs that are driven. Data is sent to flip flop
block 250 with each clock signal. Arbitration logic block 255
decides whether to send a 1 or a 0 to each flip flop of flip flop
block 250. With each clock cycle, arbitration logic block 255
determines which of the output voltages sampled at the SINK
1, SINK 2 SINK 3 nodes has the most error. Whichever output
has the most error in that particular cycle will be the one
which will have the power delivered to it. A new decision is
made with each switching cycle. In an example embodiment,
only one output path is charged per cycle.

In an example embodiment, arbitration logic 255 is fed by
three comparators (the number of comparators depends on
the number of output signals to be compared, such that the
number of comparators is equal to the summation of N-x as
x goes from 1 to N, where N is the number of output signals).
Each comparator of comparator block 260 determines if one
error voltage is higher than each of the other error voltages.
Arbitration block 255 determines which output “wins” for
that particular cycle and feeds the appropriate digital control
to the “winning” flip flop which then gets clocked in and turns
on one of high side FET 230, 235, and 240 as needed.

In an example embodiment, a user can control the bright-
ness by sinking more current. Alternatively, a user can control
the brightness with a PWM signal provided by a brightness
and dimming control module. To set the voltages for the
outputs of VOUTI, VOUT2, VOUT 3, VREF of 400 mV is
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used in this example implementation. Then the total error on
any number of outputs is added back in the error signal in
error amplifier 265 to control the charging of inductor 205.
Since the outputs are unique, the cross-talk between the out-
put loads is decreased. Also, efficiency is optimized due to
using unique output voltages for each string.

FIG. 3 provides circuit 300 of a simplified switch matrix
for an example embodiment of a system of switching multiple
outputs comprising inductor 305, low side FET 350 and high
side FETs 330, 335, and 340. Inductor 305 is charged when
low side FET 350 is closed and high side FETS 330, 335, and
340 are open. Power is delivered to a particular output when
that output produces the largest error signal. During the power
delivery cycle, low side FET 350 is open and one of high side
FETs 330, 335, and 340 is closed. If VOUT1 produces the
largest error signal, high side FET 330 is closed and FETs
335, 340, and 350 are open. If VOUT2 produces the largest
error signal, FET 335 is closed and FETs 330, 340, and 350
are open. If VOUT3 produces the largest error signal, FET
340 is closed and FETs 330, 335, and 350 are open. In an
example embodiment, the error signals are sampled and com-
pared for each cycle of the PWM signal of switching con-
verter 100.

FIG. 4 provides flow diagram 400 of an example embodi-
ment of a method of driving multiple outputs. In block 410,
power is supplied to a plurality of loads, each load of the
plurality of loads producing an error signal. In block 420, one
load of the plurality of loads is selected to supply power to
during a single cycle of the pulse width modulation output,
the selected load producing a largest error signal of the plu-
rality of error signals of the plurality of loads.

The flow chart of FIG. 4 shows the architecture, function-
ality, and operation of a possible implementation of the arbi-
tration logic software. In this regard, each block represents a
module, segment, or portion of code, which comprises one or
more executable instructions for implementing the specified
logical function(s). It should also be noted that in some alter-
native implementations, the functions noted in the blocks
may occur out of the order noted in FIG. 4. For example, two
blocks shown in succession in FIG. 4 may in fact be executed
substantially concurrently or the blocks may sometimes be
executed in the reverse order, depending upon the function-
ality involved. Any process descriptions or blocks in flow
charts should be understood as representing modules, seg-
ments, or portions of code which include one or more execut-
able instructions for implementing specific logical functions
or steps in the process, and alternate implementations are
included within the scope of the example embodiments in
which functions may be executed out of order from that
shown or discussed, including substantially concurrently or
in reverse order, depending on the functionality involved. In
addition, the process descriptions or blocks in flow charts
should be understood as representing decisions made by a
hardware structure such as a state machine.

The logic of the example embodiment(s) can be imple-
mented in hardware, software, firmware, or a combination
thereof. In example embodiments, the logic is implemented
in software or firmware that is stored in a memory and that is
executed by a suitable instruction execution system. If imple-
mented in hardware, as in an alternative embodiment, the
logic can be implemented with any or a combination of the
following technologies, which are all well known in the art: a
discrete logic circuit(s) having logic gates for implementing
logic functions upon data signals, an application specific
integrated circuit (ASIC) having appropriate combinational
logic gates, a programmable gate array(s) (PGA), a field
programmable gate array (FPGA), etc. In addition, the scope
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of the present disclosure includes embodying the functional-
ity of the example embodiments disclosed herein in logic
embodied in hardware or software-configured mediums.

Software embodiments, which comprise an ordered listing
of executable instructions for implementing logical func-
tions, can be embodied in any computer-readable medium for
use by or in connection with an instruction execution system,
apparatus, or device, such as a computer-based system, pro-
cessor-containing system, or other system that can fetch the
instructions from the instruction execution system, apparatus,
or device and execute the instructions. In the context of this
document, a “computer-readable medium” can be any means
that can contain, store, or communicate the program for use
by or in connection with the instruction execution system,
apparatus, or device. The computer readable medium can be,
for example but not limited to, an electronic, magnetic, opti-
cal, electromagnetic, infrared, or semiconductor system,
apparatus, or device. More specific examples (a nonexhaus-
tive list) of the computer-readable medium would include the
following: a portable computer diskette (magnetic), a random
access memory (RAM) (electronic), a read-only memory
(ROM) (electronic), an erasable programmable read-only
memory (EPROM or Flash memory) (electronic), and a por-
table compact disc read-only memory (CDROM) (optical). In
addition, the scope of the present disclosure includes
embodying the functionality of the example embodiments of
the present disclosure in logic embodied in hardware or soft-
ware-configured mediums.

Although the present invention has been described in
detail, it should be understood that various changes, substi-
tutions and alterations can be made thereto without departing
from the spirit and scope of the invention as defined by the
appended claims.

Therefore, at least the following is claimed:

1. A system comprising:

a switching regulator;

at most one inductor connected between the switching

regulator and a plurality of loads;

an arbitration logic module configured to sample an error

voltage of each load of the plurality of loads during each
cycle of the switching regulator and to supply power
from the at most one inductor to the load of the plurality
of loads with the largest error voltage of the sampled
error voltages; and

aplurality of comparators configured to compare the feed-

back of each of the plurality of loads with each other
feedback of the plurality of loads for input into the
arbitration logic module.

2. The system of claim 1, wherein the number of compara-
tors is atleast 2n, where n is the number of loads being driven.

3. The system of claim 1, further comprising, for eachload:

a D flip flop;

a high side driver; and

a pair of field effect transistors configured to drive each

load.

4. The system of claim 3, wherein each D flip flop is
clocked by a pulse width modulation signal from the switch-
ing regulator and receives an input from the arbitration logic
module.

5. The system of claim 3, wherein the pair of field effect
transistors is configured in a back to back configuration to
supply power from the inductor to one of the plurality of
loads.

6. The system of claim 1, further comprising a summing
error amplifier configured to sum the error voltages of each
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load together for comparison to a reference voltage, the com-
parison setting the pulse width of the pulse width modulation
signal of the switching regulator.

7. The system of claim 1, wherein the switching regulator
comprises a boost regulator.

8. The system of claim 1, further comprising, for each load:

a regulated current sink configured to sink current from the
inductor and across each load, the sampled error voltage
sampled between the load and its current sink.

9. The system of claim 1, wherein at least one load com-

prises at least one white LED.

10. A switching power supply module comprising:

a control module configured to supply current from a pulse
width modulation output configured to drive a plurality
of loads to at most one load of the plurality of loads at
one time, the one load selected based on its error voltage
being the largest of the error voltages of each of the
plurality of loads; and

a plurality of comparators configured to compare the feed-
back of each of the plurality of loads with each other
feedback of the plurality of loads for input into the
arbitration logic module, the number of comparators
being at least 2n, where n is the number of loads being
driven.

11. The power supply module of claim 10, wherein the
error voltages are sampled during each cycle of the pulse
width modulation output.

12. The power supply module of claim 10, further com-
prising at most one inductor configured to supply current to
the plurality of loads.

13. The power supply module of claim 10, further com-
prising a summing error amplifier configured to sum the error
voltages of each load together for comparison to a reference
voltage, the comparison setting the pulse width of the pulse
width modulation output.

14. The power supply module of claim 10, further com-
prising, for each load:

a regulated current sink configured to sink current from the
inductor and across each load, the sampled error voltage
sampled between the load and its current sink.

15. A method of supplying power to a plurality of loads

from a single pulse width modulation output, comprising:

supplying power to a plurality of loads, each load of the
plurality of loads producing an error signal; and

selecting one load of the plurality of loads to supply power
to during a single cycle of the pulse width modulation
output, the selected load producing a largest error signal
of the plurality of error signals of the plurality of loads;
and

comparing the feedback of each of the plurality of loads
with each other feedback of the plurality of loads for
input into the arbitration logic module, the number of
comparators being at least 2n, where n is the number of
loads being driven.

16. The method of claim 15, wherein supplying power to
the plurality of loads comprises supplying power to the plu-
rality of loads with at most one inductor.

17. The method of claim 15, further comprising summing
the error voltages of each load of the plurality of loads
together for comparison to a reference voltage, the compari-
son setting the pulse width of the pulse width modulation
output.

18. The method of claim 15, wherein at least one load
comprises at least one white LED.
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